Introduction
Common bean (Phaseolus vulgaris L.) (2n = 2x = 22) is one of the most important food legumes in the world. It is a major source of dietary protein, especially in developing countries (Graham and Vance, 2003) . Approximately 23 × 10 6 t was produced around the world in 2012, with Turkey ranking third in production (http://faostat.fao. org/site/567/). Common beans are now distributed worldwide but were independently domesticated in two different main centers of origin in the Americas (Mamidi et al., 2013) ; the Mesoamerican gene pool extends from northern Mexico to Colombia, and the Andean gene pool extends from southern Peru to northwestern Argentina ). These gene pools were separated from each other based on isozymes, morphology, and DNA markers (Becerra et al., 2011; Mamidi et al., 2013; Rodriguez et al., 2015) . Studies of genetic diversity provide information about segregant populations in recombinant lines, superior genotypes in the progeny, and genetic similarity and dissimilarity information to select future crosses; therefore, they are of critical importance for plant genetic improvement programs (Gepts and Debouck, 1991; Benjak et al., 2005; İpek et al., 2016; Sorkheh and Khaleghi, 2016) . These studies provide raw information for producers and consumers and help identify novel genotypes with potentially high breeding value (Sakar and Ünver, 2016 ). Newly defined genotypes can then be used in the breeding process (Langridge and Barr, 2003; Halasz et al., 2010) . Recently, DNA-based molecular markers have been used especially for determining genetic diversity (Oliveira et al., 2010) . Marker techniques, which obtain highly polymorphic markers that extend throughout the genome, are preferred for high-throughput and lowcost genotyping (Cortes et al., 2011) . In a molecular marker-based analysis, Kumar et al. (2008a) determined 119 polymorphic amplicons using random amplified polymorphic DNA (RAPD) markers to assess the genetic diversity of common bean. Similarly, 112 polymorphic amplified fragment length polymorphism (AFLP) bands (Maras et al., 2008) were produced to detect genetic diversity within a set of 29 common bean accessions. Cabral et al. (2011) used simple sequence repeat (SSR) markers to identify genetic diversity in dry bean accessions to detect 29 polymorphic alleles. However, the use of these markers has generated a limited number of polymorphic bands from which to determine the genetic diversity (Gaitán-Solís et al., 2002; Svetleva et al., 2006; Gill-Langarica et al., 2011; De La Fuente et al., 2013) and, clearly, a larger number of markers are needed to cover the genome and assess genetic diversity for common bean. High-resolution analysis can be conducted when these markers are used together; however, such studies are costly, labor-intensive, and time-consuming.
Single nucleotide polymorphism (SNP) markers are the most frequently used in genetic studies due to the fact that they are widely distributed and the most abundant molecular markers throughout the genomes of crop plants (Ganal et al., 2009) , such as rice (Silva et al., 2012) , tomato (Corrado et al., 2013) , and faba bean . In common bean, SNP detection can be validated by several methods (Galeano et al., 2009; Hyten et al., 2010; Zhao et al., 2010) that each has advantages and disadvantages (Cortes et al., 2011) . Recently, a new method was introduced based on a hybridization approach known as Diversity Arrays Technology (DArTseq) (Mace et al., 2008 ) using a method of genotyping by sequencing (GBS) that combines DArT complexity reduction methods with next-generation sequencing platforms (Phuong Phung et al., 2014) . A DArTseq complexity reduction approach in combination with Illumina short read sequencing (Hiseq2000) was also applied (Kilian et al., 2016) . DArTseq has been developed to generate genome-wide SNPs that overcome some of the previous disadvantages (Degner et al., 2014) . The many advantages of DArTseq include no prior knowledge about sequencing of the plant genome and the capacity to produce high-density results, scoring thousands of unique genomic-wide DNA fragments in one single experiment with low-cost genotype information (Jaccoud et al., 2001; Kilian et al., 2016) . The DArTseq method is used to discriminate diverse species for population studies, genetic diversity studies, germplasm characterization (Cruz et al., 2013) , association studies (Courtois et al., 2013; Phuong Phung et al., 2014) , and genetic mapping (Ren et al., 2015) . To date, DArTseq genotyping has also been used for genetic analysis in species genomes, including Sorghum bicolor (Mace et al., 2008) , rye (Bolibok-Brągoszewska et al., 2009) , Lesquerella and related species (Cruz et al., 2013) , japonica rice (Courtois et al., 2013) , watermelon (Ren et al., 2015) , and pineapple (Kilian et al., 2016) .
Understanding of genetic diversity among genotypes is important for breeding programs and the development of improved varieties because it facilitates efficient sampling and utilization of germplasm resources and the choice of accessions to cross for the development of populations (Farah Fazwa et al., 2013) . The main objective of this research was to analyze the genetic diversity of 173 common bean accessions using a large number of SNPs and phylogenetic relationships among accessions obtained from different geographical regions.
Materials and methods

Plant materials and DNA extraction
The seeds were sown at the experimental fields of the Department of Horticulture, Ege University Faculty of Agriculture, in İzmir, Turkey, in the summer of 2015. The plot size of each accession was 5 m 2 , containing 25 plants. Common bean seeds were sown by hand and the usual cultural practices were followed. The drip irrigation method was employed regularly. Chemical fertilizers, fungicides, or insecticides were applied during cultivation, and the weeds were controlled by hand until the plants reached harvest maturity.
One hundred and seventy-three common bean accessions from different countries were used in the study (Table 1) . Among these, three Andean and three Mesoamerican accessions were used as the control. Young leaf tissues of each accession were harvested when the plants were 3-4 weeks old, immediately placed in liquid nitrogen, and then stored at -86 °C. Genomic DNA from each accession was extracted from 100 mg of young leaves using the CTAB method (Doyle and Doyle, 1987) with some modifications. DNA was resuspended in TE buffer (10 mM Tris-1 mM EDTA, pH 8.0) and DNA quality was evaluated on 0.8% agarose gels and quantified using a Qubit 2.0 Fluorometer (Invitrogen Co., USA). DNA was diluted to 50 ng/µL for GBS analysis.
SNP discovery by DArTseq
DNAs were isolated and they were shipped as 96-well plates to Diversity Arrays Technology Pty. Ltd., Canberra, Australia. The company developed a method named DArTseq. DArTseq combines genome complexity reduction methods and next-generation sequencing platforms (Courtois et al., 2013; Cruz et al., 2013; Raman et al., 2014; Kilian et al., 2016) . Therefore, DArTseq represents a new implementation of sequencing of complexity-reduced representations (Huang et al., 2014) and more recent applications of this concept on the nextgeneration sequencing platforms (Sonah et al., 2013; Bastien et al., 2014) .
DArTseq libraries (96-plex) were prepared for the 173 accessions using 50 ng of DNA each. Briefly, DNA samples were digested individually with PstI-MseI restriction enzymes. Digested products were then ligated to adapter pairs with these enzyme-compatible adaptors. Adapter ligation and PCR were performed according to Raman et al. (2014) . Sequencing was run on the Illumina HiSeq 2000 (Illumina Inc., USA). All amplicons were sequenced in a single lane. The single-read sequencing was run for 77 cycles. Sequences generated from each lane were processed using proprietary DArT analytical pipelines (Diversity Arrays Technology, Australia). In the primary pipeline, the FASTQ files were processed to filter away poor quality sequences; more stringent selection criteria ($Phred pass score of 30) were applied to the barcode region than to the rest of the sequence (Raman et al., 2014) . Approximately 4,000,000 sequences per barcode/sample were identified and used for marker calling. These files were used in the secondary pipeline for DArT P/L's proprietary SNP and presence/absence markers (PAM) calling algorithms (DArTsoftseq). Thereafter, the SNPs obtained were run against the PHYTOZOME database (http://www. phytozome.net) to understand on which chromosomes of common bean the SNPs were located.
Analysis of genetic diversity and population structure
For genetic diversity analysis, the SNPs from the DArTseq approach were assigned a value of 1 if present in the genomic representation of the sample and 0 if absent; a value of -9 was used for missing data. After filtering (missing data rate lower than 15%), the remaining 16,366 SNPs were used. Then 16,366 SNPs were used to impute missing data using the GLMNET method in the R package (https://cran.r-project.org/web/packages/ glmnet/index.html). The genetic relationships among the 173 common bean accessions were determined using 3 different approaches for diversity. The first was to generate a Bayesian model using STRUCTURE (version 2.3.4) (Pritchard et al., 2000) . The parameters used were haploid data, a burn-in of 500,000 steps, 500,000 iterations, an admixture model with correlated frequencies, and the number of clusters, K, varying from 2 to 10 with 10 runs per K value (except for K = 1, for which only one run was performed). No prior information was used to define the value of K. The model choice criterion to detect the most probable value of K was ΔK, which is an ad hoc quantity related to the second-order change of the log probability of data with respect to the number of clusters inferred by STRUCTURE (Evanno et al., 2005) . Results were analyzed in STRUCTURE HARVESTER (Earl and VonHoldt, 2011) . The second method was principal coordinate analysis (PCoA) of the data matrix for the presence or absence of each allele, which was performed to reveal relationships among the 173 accessions using NTSYS software (Numerical Taxonomy and Multivariate Analysis System, v.2.0) (Rohlf, 2000) . The two principal coordinates were used to visualize the dispersion of accessions. The dendrogram was generated and grouped by cluster analysis using the unweighted pair-group method (UPGMA) using the 'ape' function in the R package (Paradis et al., 2004) . In the NTSYS software, dissimilarity matrices were calculated for SNP data based on the presence/absence of alleles (Rohlf, 2000) . The fixation index (Fst) among individuals in same population was determined using PowerMarker version 3.25 (http://statgen.ncsu.edu/powermarker) (Liu and Muse, 2005) . The expected heterozygosity within a subpopulation was determined using the 'poppr' function in the R package (Jombart, 2008) .
Results
SNP discovery by DArTseq
DArTseq generated a total of 43,018 SNPs. A low rate of missing data can be important with genotyping (Poland and Rife, 2012) , so SNPs were filtered with missing data rate lower than 85%, and biallelic. Consequently, 16,366 imputed polymorphic SNPs were used for diversity analysis. The 16,366 SNPs represented a distribution of 1649, 2561, 2352, 1058, 1448, 1438, 2158, 1356, 605, 416 , and 1325 SNPs on chromosomes 1 to 11, respectively ( Figure 1 ). Polymorphism information content (PIC) values ranged from 0.005 to 0.500 with a mean of 0.250.
Analysis of genetic diversity and population structure
The population structure identified using the method based on the estimation of ΔK inferred by STRUCTURE (Evanno et al., 2005) suggested 173 common bean accessions. Determination of the populations at each K-value and membership coefficients (qi) in STRUCTURE was informative (Figure 2 ). Individuals with qi ≥ 0.7 were assigned to a specific genetic group. At the first level of population separation, ΔK = 2, the genotypes divided into two genepools roughly of Andean and Mesoamerican types. At K = 2, the number of accessions are 64 in Mesoamerican types (red in Figure 2 ) and 109 accessions in Andean types (green in Figure 2 ). In terms of population structure, SNPs were effective at dividing the accessions into 3 genetic groups (ΔK = 3), including two main groups for genotypes that correspond to the two major areas of geographic origin as well as one minor group. According to ΔK = 3, 56 accessions were grouped as Mesoamerican while 109 accessions were grouped as Andean. The remaining 8 accessions were grouped as the 3rd group (blue). At ΔK = 4 the population separated into 4 groups; the first 2 groups (56 accessions were grouped as Mesoamerican while 109 accessions were grouped as Andean) represent the main groups, the same as ΔK = 2 and ΔK = 3. The other 2 minor groups consisted of 8 accessions containing the same genotypes as group 3 at ΔK = 3. However, 6 accessions were grouped in population III while 2 accessions were clustered in population IV at ΔK = 4. We preferred K = 3 because the population separation agreed with other analyses (PCoA and dendrogram) at this K-value. This K value (ΔK = 3) showed the Andean-Mesoamerican gene pool that is 2 main groups among common beans. Furthermore, mixed genotypes (8 accessions) in the population are distinguished as population III. Genotypes were also clustered using UPGMA to determine relationships in the dendrogram (Figure 3 ). The dendrogram revealed two distinct groups as Andean and Mesoamerican types and one group of mixed accessions (8 accessions). PCoA also clearly divided the 173 accessions into 3 groups, consistent with the assignments generated by the analysis of population structure at ΔK = 3 (Figure 4) . A pairwise comparison on the basis of the Fst values measured the amount of differentiation among subpopulations derived from an original population (Wright, 1978) . These values were calculated using PowerMarker version 3.25 based on the level of genetic differentiation with population structure analysis. The three populations had great variation with Fst values ranging from 0.45 to 0.59. The expected heterozygosity was also determined in the same population at ΔK = 3 (Table  2 ). According to the results, the highest heterozygosity was recorded in population III with a value of 0.21, while the lowest was determined in population II with a value of 0.13 (Table 2) .
The genetic dissimilarity (GD) values ranged from 0.00 to 1.00 and served as an indicator of the level of diversity in the population. The GD values for SNPs ranged from 0.002 to 0.962 among the 173 common bean accessions, as determined using NTSYS software.
Discussion
SNP discovery by DArTseq
Various studies have determined the genetic diversity in common bean accessions using several types of molecular markers, including AFLP (Kumar et al., 2008b) and SSRs (Maras et al., 2008; Cabral et al., 2011 ), but report a low level of polymorphism and narrow diversity. These markers can only cover a small portion of the common bean genome. To understand the real genetic variation among genotypes, a marker system that generates more markers from the genome should be used in order to get information as much as possible throughout the genome. In the current study, with much higher numbers of SNPs in comparison with other methods (Kumar et al., 2008a (Kumar et al., , 2008b Cabral et al., 2011) for common bean, as well as other crops (Jarquin et al., 2014) , DArTseq methods detected many more SNPs per reaction than did SSRs . Recently, Schröder et al. (2016) carried out an experiment on different combinations of enzymes on SNP discovery of common bean. They detected that the number of SNPs was increased from 3.8-to 12.5-fold using different restriction enzymes in GBS analysis. After filtering, they obtained 18,981 (3×), 11,424 (5×), and 2624 (8×) SNPs from the ApeKI library. On the other hand, using MseI/TaqαI enzymes, they detected 71,827 (3×), 57,424 (5×), and 32,894 (8×) SNPs from 25 diverse common bean genotypes. Therefore, different restriction enzymes generate different number of SNPs in analysis. Restriction enzyme-species combinations should be studied in order to identify maximum SNPs. In this assay, 16,366 polymorphic SNPs were detected for diversity analysis. This SNP number was similar to other diversity studies. For example, Jarquín et al. (2014) detected 52,349 SNPs and after filtering used 16,502 SNPs obtained from 301 elite soybean breeding lines, and Nimmakayala et al. (2014) detected 23,693 SNPs and after filtering used 11,485 in a genetic analysis of watermelon germplasm. Likewise, Phuong Phung et al. (2014) characterized 182 rice accessions with 25,971 markers after a data-cleaning step. Valdisser et al. (2016) identified 23,748 putative RAD-SNPs, of which 3357 were adequate for genotyping. The DArTseq method has several advantages, including rapid sequencing, low cost per sample, and the ability to handle high-density genomewide marker scans. Moreover, the technical simplicity of this technique facilitated its successful use in the genetic analysis of diverse germplasm resources (Jaccoud et al., 2001; Cruz et al., 2013; Schmutz et al., 2014; Kilian et al., 2016) . Genetic variations are lower in cultivated common bean than ancestor genotypes (Gepts et al., 1986; McClean et al., 2004) . However, the present study shows that large genetic variation exists among the individuals considered herein because we used a high number of SNPs. This could demonstrate that the DArTseq marker system generated a large number of SNPs distributed throughout the plant genome (Kilian et al., 2016) . To understand the chromosomal location of SNPs developed through DArTseq, the SNPs were run against the PHYTOZOME database. SNPs were found distributed more or less equally throughout the genome. The number of SNPs per chromosome varied according to chromosome with the least on chromosome 10 (416 SNPs; 3%) and the most on chromosome 2 (2561 SNPs; 16%); the average was 1487 SNPs (Figure 1 ). Similar distributions have been detected in the germplasm of different crops using SNPs, including maize (Romay et al., 2013) , chickpea (Bajaj et al., 2014) , and watermelon (Nimmakayala et al., 2014) . Schröder et al. (2016) , reported that the most SNPs were located on chromosome 8 using ApeKI and MseI/ TaqαI restriction enzymes. Comparing to our results with those of Schröder et al. (2016) , SNP distribution along the chromosomes was slightly different. Using different restriction enzymes in analysis generated different SNPs in the same genome. Therefore, Schröder et al. (2016) found high-coverage SNPs in many parts of the genome using ApeKI and MseI/TaqαI restriction enzymes. PIC values detected by SNPs among the 173 common bean accessions (0.005 to 0.500) are similar to those estimated using molecular markers, including SSRs (0.27) (Cabral et al., 2011) and SNPs (0.32) (Blair et al., 2013) . Bajaj et al. (2014) calculated PIC values ranging from 0.01 to 0.45 (mean: 0.35) among 93 diverse wild and cultivated Cicer accessions using SNPs.
Analysis of genetic diversity and population structure
Common bean is characterized by two distinct major gene pools based on several studies (Gepts et al., 2008; . The distribution of the Andean and Mesoamerican gene pools is important for characterizing the genetic variation among individuals (Burle et al., 2010) . We included 3 Mesoamerican control genotypes (Jamapa, BAT93, G12873) to compare with other accessions. When ΔK = 2, they all clustered in population I (red; Figure 2 ) and therefore the 64 accessions in population II could represent the Mesoamerican gene pool. Likewise, the three Andean control genotypes (Jalo EEP558, MIDAS, JALO) were all clustered in population II (green; Figure   Figure 4 . Principal coordinate analysis (PCoA) plot using SNP data for 173 common bean accessions. 2) and therefore the 109 accessions in population II could represent the Andean gene pool. The Andean and Mesoamerican groups were detected as being separate in several studies in common bean accessions using various marker types including SSRs Blair et al., 2012; Okii et al., 2014; Perseguini et al., 2015) and AFLP bands (Rossi et al., 2009 ). This grouping of accessions to represent the gene pools of Andean and Mesoamerican genotypes is also comparable with previous molecular diversity, population genetic structure, and evolutionary studies (Blair et al., 2012; Okii et al., 2014) . At ΔK = 3, the 56 accessions in population I could represent the Mesoamerican group, the 109 accessions in population II could represent the Andean group, and the other mixed accessions forming population III included 8 accessions (Code# 17, 35, 58, 68, 76, 101, 110, 124) within population I (representing the Mesoamerican gene pool) from a seemingly diverse breeding history. However, the analysis did not group accessions according to their country of origin ( Figure 5 ). Notably, 7 (8 accessions in population III) were collected from Turkey and 1 accession from the United States as a commercial type. These countries are not gene centers for common bean. These genotypes probably could have a complex breeding history involving intercrossing and introgression of germplasm from two diverse gene pools, and therefore the accessions in population III reflect the effect of gene flow, natural hybridization, or recombination and derived ancestry from both of the two main (Andean and Mesoamerican) gene pools (Okii et al., 2014) . Population III consists mainly of climbing accessions distributed in the temperate climate of the west side of Turkey including the provinces of Bandırma, İzmir, Bolu, Balıkesir, and Edirne. Whereas populations I and II consist of mainly climbing accessions and commercial varieties, although we used only climbing control accessions, dwarf accessions did not form a separate group. These accessions were distributed into two main groups (Andean and Mesoamerican). The occurrence of new hybrid species may be caused due to incipient speciation between the two main gene pools due to low reproductive rate in F 1 , F 2 , and later generations . At ΔK = 4 these results are confirmed; while populations I and II contained the same accessions, mixed accessions were separated into two groups with 6 accessions (Code# 17, 35, 76, 101, 110, 124) representing population III and 2 accessions (Code# 58, 68) representing population IV.
Among the 173 common bean accessions, there were 3 Andean accessions, 3 Mesoamerican accessions as a control, and 14 accessions from countries other than Turkey (Table 1) . Among these, 5 genotypes (from the Netherlands, Germany, England, the United States, and India) were assigned to population I (Mesoamerican). The remaining 9 genotypes (from the Netherlands, Germany, England, the United States, Peru, and Bulgaria) were assigned to population II (Andean). For example, within the samples collected from the Netherlands, they were distributed along with different groups (#133 from the Netherlands (dwarf) was placed in the Mesoamerican group, #128 from the Netherlands (climbing) was placed in the Andean group). This divergence can be due to high gene flow between the Andean and Mesoamerican gene pools. Populations I and II both predominantly comprised Turkish accessions. The UPGMA dendrogram results confirmed the existence of 2 main groups: 56 Mesoamerican and 109 Andean accessions (controls included), with one minor group with 8 accessions as per the STRUCTURE results. This discrepancy most likely resulted from breeding history. On the other hand, PCoA confirmed the relationship between accessions and likewise separated the genotypes into roughly two groups. Only a few accessions were not placed in the same populations based on STRUCTURE and UPGMA dendrogram with PCoA analyses. For example, accessions #58 and #68 were placed in population III (mixed group) according to STRUCTURE, but distributed to different groups by PCoA. Furthermore, genotypes #15, 119, 121, and 144 were placed in the Andean gene pool (population II) by STRUCTURE but were grouped in population I by PCoA.
The range of Fst values among subpopulations in this study reveals considerable genetic differentiation, as described by Wright (1978) . The pairwise Fst values ranged from 0.59 for populations I (Mesoamerican) and II (Andean) to 0.45 for populations I (Mesoamerican) and III (mixed) ( Table 2 ). As expected, the greatest Fst value for population I had the smallest average genetic distance from population III (0.45) and the greatest average genetic distance from population II (0.59). An Fst value of 0.50 was calculated for population II (Andean) and population III (mixed). The diversity seemed to be greatest in the Mesoamerican genepool, similar to the findings of Blair et al. (2012) and Rodriguez et al. (2015) . Such differences among populations might be due to using high numbers of SNPs and loci in addition to genotyping from different locations (Rodriguez et al., 2015) . When the K values changed, population I (Mesoamerican) was subdivided. However, accessions of population II (Andean) remained fixed at all K values. This situation showed that the Mesoamerican group contains much higher genetic diversity as compared to the Andean (Burle et al., 2010; Bitocchi et al., 2012) . The Fst values among the populations are largely concordant with the results of population structure (Figure 2) . Overall, population III demonstrated lower gene diversity compared to the other populations, likely due to this group representing only a fraction of the genetic diversity of the ancestral population or reflecting the narrow ecological amplitude of this group in Turkey. Overall, the range of Fst values that we found was similar to that reported by With respect to expected heterozygosity among individuals in the same population, Rossi et al. (2009) and Blair et al. (2012) reported a much lower value than the current research (Table 2) for an Andean population; several other common bean diversity studies Burle et al., 2010; Bitocchi et al., 2012) reported higher diversity in the Mesoamerican subdivision than the Andean gene pool. The expected heterozygosity in population III (0.20) also showed that common bean accessions in Turkey have a high level of variation that could be due to a complex breeding history by plant breeders.
Genetic diversity is the result of selection (natural and artificial). Knowledge of genetic variation and relationships between common bean accessions is important for breeding programs with respect to selection of parental genotypes to create new gene combinations and efficient germplasm characterization for diverse agriculture systems (Iqbal et al., 2012; Lombardi et al., 2014) . Earlier studies in common beans reported the low rate of nucleotide changes in their DNA sequences; therefore, limited genetic variation was detected at the inter-and intraspecific levels using mitochondrial DNA markers (Palmer, 1992) The maximum genetic distance (0.96) was calculated between accession #61 (Sırık Boncuk, Tokat/Turkey) in the Andean gene pool and accessions #130 (Local 23 Landrace, Antalya/Turkey) and #131 (E-Z Pick Johnny Seed, USA) in the Mesoamerican gene pool, indicating that these genotypes are particularly distinct from one another. These genotypes that are genetically distant from each other could be used as candidate parents to obtain large segregation in F 2 . Common bean accessions #47 (Bandırma/Turkey, dwarf) and #82 (Havsa-Edirne/ Turkey, dwarf) in population II (Andean) were the most genetically similar (0.002) among all accessions. Notably, these values between high and low genetic diversity were broader than the genetic diversity level documented in earlier common bean studies (Kumar et al., 2008a (Kumar et al., , 2008b Maras et al., 2008; Nemli et al., 2015; Perseguini et al., 2015) . This information obtained by genetic similarity could be acceptable as a permanent scientific foundation for the faster use of germplasm collections in plant improvement.
Conclusions
DArTseq technology clearly discriminated the gene pools of common bean and detected large genetic variation among the genotypes considered. SNP markers clearly discriminated the gene pools of common bean accessions and these findings may be important in the selection of cultivars to be used as diverse parental accessions in future crosses. This technology seems a promising way to obtain a large number of SNPs in a short time and also evenly cover the genome (Cruz et al., 2013; Kilian et al., 2016) . This large number of SNPs could help in the construction of high-resolution QTL mapping experiments and identification of candidate genes responsible for traits of interest. This information can be used to enhance their use in crop improvement programs. For example, based on the genetic distance analysis accessions, #61 and #130 could be used as parents in breeding programs to obtain highly segregant F 2 populations. On the other hand, genetic analysis could also be used in association mapping to identify SNP markers linked to the economically important traits without waiting for the development of purpose-created populations.
